Detection of a novel reactive metabolite of diclofenac: evidence for CYP2C9-mediated bioactivation via arene oxides.
A new glutathione adduct (M4) was tentatively identified, likely as 2'-hydroxy-3'-(glutathione-S-yl)-monoclofenac, using liquid chromatography-tandem mass spectrometry analysis of incubations of diclofenac with human liver microsomes. The same conjugate was not detected in incubations with either rat or monkey liver microsomes. Formation of M4 was mediated specifically by CYP2C9 in human liver microsomes, as evidenced by the following observations: 1) cDNA-expressed CYP2C9-catalyzing formation of M4; 2) inhibition of M4 formation by sulfaphenazole, a CYP2C9-selective inhibitor; and 3) strong correlation between the production of M4 and CYP2C9-mediated tolbutamide 4-hydroxylase activities in a panel of human liver microsome samples. Formation of M4 suggests the existence of a new reactive intermediate as diclofenac-2',3'-oxide. A tentative pathway states that diclofenac is oxidized to diclofenac-2',3'-oxide that reacts with glutathione (GSH) to form a thioether conjugate at the C-3' position, followed by a concomitant loss of chlorine to give rise to M4. Furthermore, a likely mechanism leading to the formation of diclofenac oxides is rationalized: CYP2C9-catalyzed oxidation at the C-3' position of the dichlorophenyl ring to form a cationic sigma-complex that subsequently results in diclofenac-3',4'-oxide and diclofenac-2',3'-oxide; the former oxide is converted to 4'-hydroxy-diclofenac as a major metabolite and can be trapped by GSH to produce 4'-hydroxy-3'-glutathione-S-yl diclofenac (M2), whereas the latter oxide forms 3'-hydroxy-diclofenac and can be trapped by GSH to produce M4. This mechanism is consistent with the structural modeling of the CYP2C9-diclofenac complex, which reveals that both the C-3' and C-4' of the dichlorophenyl ring are proximate to the heme group.